Coptotermes gestroi (Wasmann) (Blattodea: Rhinotermitidae) to bait matrices supplemented with various sugars, amino acids, and cassava were evaluated both in the laboratory and Þeld. The results indicated that the two termite species consumed signiÞcantly different amount of Þlter papers that had been treated with various types and concentrations of sugars and amino acids. Based on consumption and survival data, Þlter papers with 3% glucose and 3% xylose were among the most consumed by C. curvignathus and C. gestroi, respectively. Both termite species consumed more of the Þlter papers treated with 3% casein than Þlter papers treated with L-alanine. Both species had a comparable survival rate compared with those in the controls. Results from laboratory and Þeld trials on bait prototypes indicated that C. gestroi consumed more bait prototypes containing cellulose, 3% xylose, 3% casein, and cassava, whereas C. curvignathus consumed more bait prototype containing cellulose, 3% glucose, and cassava, than on pure crystalline cellulose baits. Thus, with an improved and cost-effective bait formulation, a much wider control of subterranean termite colonies could be achieved.
Since the introduction of baiting systems for managing subterranean termites in many parts of the world, various approaches have been used to increase the attractiveness and subsequent palatability of the cellulose bait matrices. These approaches, among others, included the incorporation of additives, attractants, and phagostimulants into the bait matrices. Attractants such as fungal extracts (Esenther et al. 1961 , Cornelius et al. 2004 , Su 2005 and carbon dioxide at 10 Ð12 mmol/mol (Bernklau et al. 2005) have been shown to improve the attractiveness of a bait to termites. As a means to increase consumption, phagostimulants that made the bait more palatable, such as urea (Waller 1996) amino acids (Chen and Henderson 1996) , and sugars (MoralesÐRamos and Rojas 2003; Waller and Curtis 2003; Rust 2005, 2008) , were also explored. Termites fed more on baits with additives than those without. Nutritionally enhanced bait such as a commercially available product, Summon Preferred Food Source, was more preferred by Coptotermes formosanus (Shiraki) than standard cardboard disks. Summon bait aggregated more termites, which resulted in higher consumption compared with standard cardboard disks (Cornelius and Lax 2005) . However, such behavioral responses have yet to be demonstrated by economically important Malaysian subterranean termites Coptotermes curvignathus (Holmgren) and Coptotermes gestroi (Wasmann), even though these two species of termites have been managed using pure cellulose baits containing hexaßumuron (Sajap et al. 2000 (Sajap et al. , 2002 (Sajap et al. , 2009a . Compared with subtropical and temperate termites, C. curvignathus and C. gestroi may have different dietary requirement. C. curvignathus and C. gestroi forage naturally on a wide range of tropical timber having variable nutritional and chemical components. These two species of termites can respond differently when offered choices of timber (Supriana 1988 , Ngee et al. 2004 , Sajap et al. 2009b , Roszaini and Hale 2012 . In this study, we investigated the consumption of various types and concentrations of sugars and amino acids by C. curvignathus and C. gestroi. In an effort to reduce cellulose, an expensive component of a manufactured bait, the suitability of Manihot esculenta Crantz (cassava) powder was investigated. Cassava is a natural food source of many termites in the tropics (Bellotti et al. 1999 , Hill 2008 . Furthermore, the extractives of cassava have demonstrated both attractiveness and enhanced consumption to Coptotermes spp. (Castillo et al. 2010 ).
Materials and Methods
The Termites. C. curvignathus was collected from two stumps of infested rubber trees (Hevea brasiliensis (Willdenow ex Andrien Jussieu) Mü ller Argoviensis and a tamarind tree (Tamarindus indica L.) at the campus of Universiti Putra Malaysia, Selangor. Foraging termites were aggregated and trapped in Pinus caribaea Morelet (tropical pine) wooden stakes (8 by 15 by 2 cm) contained in a 5-liter plastic bucket that was buried underground. C. gestroi was collected from an abandoned house at Taman Sri Bayu, Bagan Lalang, Selangor. They were trapped in plastic containers, 17 by 12 by 6.5 cm, packed with P. caribaea wooden stakes wrapped in corrugated cardboard. The containers were placed over active galleries in the house. The containers were covered with black polyvinyl plastic sheet to maintain darkness and avoid entry by ants. The stakes containing aggregated termites were removed from the containers and replenished with fresh ones at monthly interval. The infested stakes were placed in a plastic 500 liter Toyogo box (Seng Tat Industries, Selangor, Malaysia) and brought back to laboratory. In the laboratory, termites were separated from any debris using the method described by Tamashiro et al. (1973) .
Supplements and Preparation of Filter Papers Used in the Laboratory Bioassays. Sugars (glucose, sucrose, ribose, and xylose), the amino acids L-alanine and casein (Sigma Aldrich Co., St. Louis, MO), and monosodium glutamate (MSG) (Ajinomoto, Kuala Lumpur, Malaysia) were used in this study. The sugars were suggested by Waller and Curtis (2003) and Saran and Rust (2008) and amino acids by Chen and Henderson (1996) , all of which positively improved consumption of the bait matrices by their test species of termites. Furthermore, MSG has been shown to increase feeding activities of insects such as the beet armyworm, Spodoptera exigua (Hü bner) (Lasa et al. 2009 ), and codling moth, Cydia pomonella L. (Pszczolkowski et al. 2002) . The sugars, amino acids, and MSG were dissolved in distilled water to concentrations of 3, 6, 9, 12, and 15% (wt:vol) . Twenty-six weighted Þlter papers (Whatman No.1, 4.25 cm) for each replicate were dipped into each solution and dried in a laminar ßow for 24 h. Dried Þlter papers were equilibrated in a desiccator for 24 h and reweighed. Filter papers dipped in sterile distilled water were used as the control.
Bioassay. Filter papers of all treatments were placed separately inside sterilized round Winner plastic cups (6 by 10 cm) with perforated covers (Lam Seng Plastics Industries, Selangor, Malaysia). Forty worker and Þve soldier termites were placed onto the Þlter paper within each cup. The plastic cups were then placed inside a chamber (a 500L Toyogo box) that was maintained at 94% (Kulis et al. 2008) . The chamber was kept in a dark cabinet at 30ЊC throughout the duration of the laboratory bioassay. Any observed dead termites were removed from the plastic cups, with mortality being recorded daily. After 7 d of exposure, Þlter papers were removed from the cups and dried in an oven at 60ЊC for 24 h. After equilibration in a desiccator for 24 h, each Þlter paper was weighed to obtain mass loss (i.e., consumption by the termites). The bioassay was conducted in a completely randomized design (CRD) with Þve replicates per treatment.
Choice Feeding Test of the Most Consumed Sugars and Amino Acids. Based on the results of the laboratory bioassay, the most consumed sugars and amino acids were subsequently reevaluated using a choice test. The sugars and amino acids were diluted in distilled water to the preferred concentration. Filter papers were then treated and prepared as detailed in the section on preparation of Þlter papers. Treated and control Þlter papers were then placed in a feeding arena consisting of three round Winner plastic cups (6 by 10 cm) (Lam Seng Plastics Industries) interconnected horizontally by two 7-cm Tygon tubes (SaintGobain Performance Plastic Corp. Akron, OH). A control Þlter paper was placed inside the left cup of the feeding arena, whereas a treated Þlter paper was placed in the other cup. Forty workers and Þve soldiers were released in the center cup. Termites were allowed to move freely in the arenas. The arenas were placed inside the similar chamber as used for the no-choice test. The number of termites observed in the cups containing the control and treated Þlter papers was counted daily for 8 d. After 8 d, the Þlter papers were removed and dried in an oven at 60ЊC for 24 h. The papers were equilibrated for 24 h in a desiccator and weighed for mass loss.
Laboratory and Field Testing of Bait Prototypes
Preparation of Matrices for Laboratory Testing. Experimental bait matrices (bait prototypes) supplemented with combinations of the most consumed sugars and amino acids as well as cassava powder were prepared. The cassava powder was made from fresh tubers that had been peeled, sliced into chips, and soaked in running water for 24 h to remove the hydrogen cyanide. The chips, dried to 14% mc in an oven at 60ЊC for 24 h, were hand-milled into powder and sieved through a 410-m ASTM standard sieve (Endecotts Ltd., London, UK). The ingredients, microcrystalline cellulose, cassava powder, and preferred proportions of amino acids and carbohydrates, were mixed thoroughly in a porcelain bowl. The mixture was then moistened with 1.75 ml sterile distilled water and molded into round discs of 2.54 cm basal diameter in an aluminum baking dish. Prototypes baits weighing approximately 2.50 g each were prepared. The proportion of ingredients used in the experimental bait prototypes is given in Table 1 .
Laboratory Test. The discs of each prepared bait prototype were placed in round Winner plastic cups (6 by 10 cm) containing 5 g of sterile sand that had been moistened with 1 ml of sterile distilled water. In total, 100 workers and 10 soldiers were placed in each cup. The cups were placed randomly in humidity chambers, as described previously, and the termites were allowed to feed on the discs for 7 d. Survival was recorded daily. At the conclusion of the trial, the discs were carefully removed from the containers and dried in an oven at 60ЊC until a constant weight was obtained. The discs were then equilibrated inside a desiccator for 24 h and weighed to obtain mass loss. The test was conducted in a CRD with eight treatments and Þve replicates per treatment.
Field Testing of Bait Prototypes Preferred by C. curvignathus and C. gestroi
Preparation of Bait Matrices for Field Testing. Two most consumed bait prototypes for each species of Coptotermes, as demonstrated by the results of the laboratory test (CU and CSU for C. curvignathus; CU and CSPU for C. gestroi), were chosen for the Þeld testing. Approximately 25 g of bait matrix, thoroughly moistened with 17.5 ml sterile distilled water, was placed in a sterile round Winner plastic cup (6 by 10 cm) with a perforated cover. The control bait consisted of pure crystalline cellulose. These matrices baits were prepared fresh before each trial began. Bait prototypes were exposed to both species of termite (C. curvignathus and C. gestroi).
Field Trial. C. curvignathus. Three treatments consisting of two bait prototypes, CU and CSU, and a control were prepared for the trial. Nine bait matrices (three for each treatment) were placed in a perforated plastic tray, 38 by 28 by 13 cm, in a Latin square arrangement. Three trays were prepared and one of the trays was randomly assigned to one of the three sites where termite trappings were undertaken. At the site, the existing trap was removed and replaced with the tray containing the baits. The tray was then covered with soil and left in the Þeld for 3 d, after which time the baits were retrieved and subsequently ovendried at 60ЊC for 7 d. The baits were then cooled in a desiccator for 1 d. Unconsumed bait particles, separated from soil by sieving through a 410-m ASTM standard sieve, were also weighed. Mass losses of each bait were then determined to provide the consumption rate of C. curvignathus. This Þeld trial was conducted in a randomized complete block with the three sites designated as the blocks.
C. Gestroi. The Þeld baiting trial for C. gestroi was conducted in the infested house where termites for the laboratory tests were previously collected. Five bait stations representing each of the most consumed bait matrices as well as the control, making a total of 15 bait stations, were placed randomly over active foraging galleries in the house. The baits were exposed to foraging C. gestroi for 3 d. After 3 d, the baits were returned to the laboratory and mass losses determined as previously described. This Þeld trial was conducted in a CRD with three treatments and Þve replicates for each treatment.
Data Analysis. Where appropriate, data were normalized using square-root transformation. The analysis of variance (ANOVA) for survivorship was determined using the general linear model process (PROC GLM) and consumption was analyzed using ANOVA (PROC ANOVA) in SAS 9.13 statistical package (SAS Institute, Cary, NC). Treatment means were separated using TukeyÕs Honestly SigniÞcant Difference Test.
Results

Response of C. curvignathus and C. gestroi to Sugars in No-Choice Test
Consumption of Filter Papers. Both Coptotermes species had variable responses to types and concentrations of sugars in the Þlter papers during the 7 d test duration. C. curvignathus consumed signiÞcantly (F ϭ 1.78; df ϭ 25; P ϭ 0.02) more of the 3% glucose-treated Þlter papers than untreated Þlter papers (Table 2) . C. gestroi consumed more of the 3% xylose-treated Þlter papers, but not signiÞcantly different than either the other xylose-treated or untreated Þlter papers. C. curvignathus and C. gestroi consumed 2.25 mg of 3% glucose and 1.60 mg of 3% xylose-treated Þlter papers, respectively. Both species consumed Ͻ1.00 mg of untreated Þlter papers. Although not signiÞcantly different, C. curvignathus consumed less of the untreated Þlter papers than Þlter papers treated with 15% xylose. In comparison, C. gestroi generally consumed less of the Þlter papers with treated concentrations of 12 and 15% of xylose and glucose and all concentrations of ribose and MSG than untreated Þlter papers. Survivorship. All treatments and feeding durations signiÞcantly affected survival of C. curvignathus (F ϭ 29.92, df ϭ 25, P Ͻ 0.0001; F ϭ 575.55, df ϭ 6, P Ͻ 0.0001) and C. gestroi (F ϭ 27.06, df ϭ 25, P Ͻ 0.0001; F ϭ 546.42, df ϭ 6, P Ͻ 0.0001). Their survival, except for those in the untreated, 3% glucose-treated, and 3% xylose-treated Þlter papers, decreased signiÞcantly with the feeding duration. On day 7, both termite species had Ͼ80% survival on 3% glucose-and 3% xylose-treated Þlter papers, although not signiÞcantly different compared with those on untreated Þlter papers, but signiÞcantly higher than those exposed to the other sugars (F ϭ 7.09; df ϭ 10; P Ͻ 0.0001). Generally, exposing termites to all sugars and MSG at concentration higher than 6% resulted in survival of Ͻ50% (Table 2) . Response of C. curvignathus to 3% Glucose and C. gestroi to 3% Xylose in a Choice Feeding Test. Compared with untreated Þlters, C. curvignathus and C. gestroi showed distinct preferences to Þlter papers treated with 3% glucose and 3% xylose, respectively. The number of C. curvignathus termites on 3% glucosetreated Þlter papers was signiÞcantly higher (F ϭ 13.84; df ϭ 1; P ϭ 0.0008) than those on untreated Þlter papers. An average of 20 termites per day foraged on the 3% glucose-treated Þlter papers, as opposed to only seven termites per day on the untreated Þlter papers. Consequently, C. curvignathus consumed 3.43 mg of the 3% glucose-treated Þlter papers, signiÞcantly different than the 1.84 mg consumption of untreated Þlter papers (F ϭ 23.33; df ϭ 1; P Ͻ 0.001). Similarly, C. gestroi preferred to forage signiÞcantly on 3% xylose-treated Þlter papers rather than untreated Þlter papers (F ϭ 28.30; df ϭ 1; P Ͻ 0.0001). On average, 25 termites foraged on 3% xylose-treated Þlter papers, as opposed to only six termites on untreated Þlter papers. C. gestroi consumed 1.57 mg of 3% xylose-treated Þlter papers; signiÞcantly Ͼ0.66 mg consumption of untreated Þlter papers after 7 d duration of the laboratory test (F ϭ 33.79; df ϭ 1; P ϭ 0.0004) ( Table 3) .
Response of C. curvignathus and C. gestroi to L-Alanine and Casein in a No-Choice Feeding Test
Consumption of Filter Papers. The concentration of L-alanine and casein had a major effect on feeding activity of both C. curvignathus and C. gestroi (Table  4) . C. curvignathus (F ϭ 5.54; df ϭ 10; P Ͻ 0.0001) and C. gestroi (F ϭ 3.68; df ϭ 10; P Ͻ 0.0012) consumed signiÞcantly more of the 3% casein-treated Þlter papers compared with that of either untreated or L-alanine-treated Þlter papers. C. curvignathus consumed more than three times of the 3% casein-treated Þlter papers than that of the untreated Þlter papers. C. gestroi consumed more than twice of the 3% casein- treated Þlter papers than that of the untreated Þlter papers. Although not signiÞcantly different, consumption by both termite species decreased as the concentration of L-alanine and casein increased. Survivorship. With the exception of data for the untreated Þlter papers, survival of termites on most treated Þlter papers tended to decrease signiÞcantly on day 4 for C. curvignathus and day 5 for C. gestroi. On day 7, both L-alanine and casein signiÞcantly affected survival of C. curvignathus (F ϭ 7.09; df ϭ 10; P Ͻ 0.0001) and C. gestroi (F ϭ 6.67; df ϭ 10; P Ͻ 0.0001). The highest survival rates for both species were recorded from those feeding on untreated Þlter papers, but the data were not signiÞcantly different from the data for 3, 6, and 9% casein-treated Þlter papers. Generally, survival on L-alanine-treated Þlter papers was low. However, C. gestroi survived better on L-alaninetreated Þlter papers than C. curvignathus when exposed to the same treatment. The lowest survival was recorded from 15% casein-treated Þlter papers (Table 4) .
Response of C. curvignathus and C. gestroi to Casein in a Choice Test. Both C. curvignathus and C. gestroi consumed signiÞcantly more Þlter treated with 3% casein than untreated Þlter papers. C. curvignathus consumed 3.37 and 1.26 mg on 3% casein-treated Þlter papers and untreated Þlter papers, respectively (F ϭ 12.88; df ϭ 1; P ϭ 0.007). C. gestroi consumed 2.40 and 0.98 mg on 3% casein-treated Þlter papers and untreated Þlter papers, respectively, over 8 d; a highly signiÞcant difference (F ϭ 13.03; df ϭ 1; P ϭ 0.007). Even though C. curvignathus preferred to consume 3% casein-treated Þlter papers than untreated Þlter paper, the termites did not (F ϭ 0.33; df ϭ 1; P ϭ 0.569) prefer to aggregate on 3% casein-treated Þlter papers. On average, 10 termites foraged on 3% casein-treated Þl-ter and eight termites on untreated Þlter papers. In comparison, C. gestroi signiÞcantly (F ϭ 35.50; df ϭ 1; P Ͻ 0.0001) preferred to aggregate on 3% caseintreated Þlter papers. On average, 19 termites aggregated on 3% casein-treated Þlter papers compared with six termites on untreated Þlter papers (Table 5) .
Laboratory and Field Testing of Bait Prototypes
Laboratory Testing. No mortality was observed throughout the 7 d duration of the laboratory tests with C. curvignathus and C. gestroi. C. curvignathus signiÞcantly consumed less on CS, CSP, and the control (F ϭ 6.86; df ϭ 7; P Ͻ 0.0001) than on the other four bait prototypes. C. gestroi consumed signiÞcantly less on CP, CPU, and the control (F ϭ 6.29; df ϭ 7; P Ͻ 0.0001) than on the Þve bait prototypes (Table 6 ). The two bait prototypes recording the highest consumption by C. curvignathus were CU (2.25 g cellulose ϩ 0.25 g cassava powder; 44.51 Ϯ 4.68 mg) and CSU (2.18 g cellulose ϩ 0.07 g glucose ϩ 0.25 g cassava powder; 42.64 Ϯ 4.90 mg). In comparison, the two most highly consumed by C. gestroi were CSPU (2.23 g cellulose ϩ 0.07 g xylose ϩ 0.07 g casein ϩ 0.13 g cassava powder; 28.33Ϯ 4.51 mg) and CU (2.27 g cellulose ϩ 0.13 g cassava powder; 23.28 Ϯ 1.60 mg) than the other baits. The result also indicated that casein did not signiÞ-cantly enhance feeding by C. curvignathus. Field Trial on Bait Prototype Preferred by C. curvignathus and C. gestroi. Both termites species responded positively to the experimental bait prototypes that were offered for 3 d in the Þeld. There were signiÞcant differences between the amount of each bait prototype consumed by C. curvignathus (F ϭ 4.13; df ϭ 2; P ϭ 0.0333). CSU was consumed the most (8.95 Ϯ 1.63 g), followed by CU (5.17 Ϯ 0.94 g), with microcrystalline cellulose (control) being the least consumed (3.98 Ϯ 1.25 g). Similarly, there were signiÞcant differences between the amounts of each bait prototype consumed by C. gestroi (F ϭ 9.89; df ϭ 2; P ϭ 0.003). C. gestroi consumed signiÞcantly more of CSPU (7.12 Ϯ 0.83 g) than both CU (4.07 Ϯ 1.02 g) and microcrystalline cellulose (control) (2.69 Ϯ 0.31 g) bait prototypes (Table 7) .
Discussion
Similar to previous studies with Reticulitermes flavipes (Kollar) and Reticulitermes virginicus (Banks) (Waller and Curtis 2003) as well as Reticulitermes hesperus (Banks) (Saran and Rust 2008) , C. curvignathus and C. gestroi in our study demonstrated noticeable consumption toward sugars, glucose, and xylose, at speciÞc concentrations. When added to Þlter papers, C. curvignathus consumed more on 3% glucose-treated, whereas C. gestroi more on 3% xylosetreated, than the untreated Þlter papers. The differences in their response to sugar may be related their ecological attributes (Wallace and Judd 2010) . C. curvignathus is naturally associated with living trees rather than seasoned structural timbers in buildings. This termite species is prevalent in landscape areas and plantations where they attack and damage living trees, among others, H. brasiliensis (rubber tree), P. caribaea, Auracaria cunninghamii Aiton ex Allan cunningham (hoop pine) (Kirton and Wong 2001, Hill 2008) . C. curvignathus can attack palms such as Cocus nucifera L. (coconut) and Elaeis guineensis Jacquin (oil palm). Such trees and palms contain high reserve of free carbohydrate. For example, oil palm (Henson et al. 1999) , coconut trunk (MialetÐSerra et al. 2005) , and rubber wood (Chantuma et al. 2009 ) contain high amount of soluble monosaccharide and disaccharides. These sugars are therefore freely available to termites. C. gestroi, which predominantly attacks seasoned structural timber, is the most common termite species in urban areas Wahab 1997, Lee 2002) . Consequently, C. gestroi may not be able obtain signiÞcant quantities of soluble sugars that are mostly hydrolyzed during timber drying process (Hillis 1975) . C. gestroi may possibly derive sugars (e.g., xylose from xylan, backbone polymers of hemicelluloses in wood) through symbiotic microbes that help digestion of lignocelluloses. C. curvignathus and C. gestroi also responded differently to different amino acids. However, both termite species demonstrated a preference for substrates containing casein rather than L-alanine. Casein is a common ingredient in many diet preparations for insects (Fraenkel and Blewett 1943) . Even though in this study, both casein and L-alanine had an effect on termite survival, the termites generally consumed more on casein-treated rather than L-alanine-treated Þlter papers, perhaps indicating the presence of a phagostimulatory effect. A similar response was recorded by Spears and Ueckert (1976) when amino acid enrichment induced phagostimulation to Gnathamitermes but decreased survival. However, Reticulitermes spp did not response positively to amino acid-supplemented baits (Swoboda et al. 2004) , whereas albumen and casein were toxic when offered to Coptotermes and Reticulitermes at a concentration higher than 0.5% (Mauldin and Rich 1975) . In contrast, higher termites such as Nasutitermes and Phynchotermes prefer naturally to forage on food such as litter that is high in nitrogen (Prestwich et al. 1980) . SigniÞcant numbers of C. gestroi were aggregated on 3% casein-treated Þlter papers as compared with untreated Þlter papers, whereas C. curvignathus showed no signiÞcant response to 3% casein-treated papers. The exact reason why 3% casein did not attract C. curvignathus is difÞcult to hypothesize. One of the possibilities may be that C. gestroi is able to detect the odor of casein than C. curvignathus. In support of this hypothesis, casein did not enhance C. curvignathus feeding on the bait prototype tested in laboratory. Cassava, however, did enhance feeding of both termite species. Cassava tuber contains 1.2Ð1.8% crude protein, 0.1Ð 0.8% crude lipid, 1.5Ð3.5% crude Þber, 1.3Ð2.8% ash, and 80.1Ð 86.3% carbohydrate (Charles et al. 2005) . It is the fourth largest staple in the tropics (Scott et al. 2000) and grown as an industrial crop in Africa (Nweke et al. 2002) and Asia (Howeler 2005) . Adding cassava powder, a cheaper source of carbohydrate, with a view of reducing the proportion of costly microcrystalline cellulose, is deÞnitely worth considering for basic bait production in tropical regions. However, some considerations have to be taken into account when adding cassava powder to bait matrices. Apart from its cyanide content, which can be readily removed through soaking and sun drying (Padmaja and Steinkraus 1995) , the nutritional reserves of cassava are primarily carbohydrates, which may be conducive to undesirable mold problems. Antimicrobials that are nontoxic to the insect may be incorporated to effectively prevent the growth of such microorganisms (Funke 1983) . Our study showed that cassava is an attractive and a palatable supplement that can be incorporated into bait matrices for controlling subterranean termites. Thus, with an improved and cost-effective bait formulation, much more wider control of subterranean termite colonies could be achieved.
